So far, yielding and flow properties of soft-jammed systems have only been studied from simple shear 8 and then extrapolated to other flow situations. In particular, simple flows such as elongations have barely 9 been investigated experimentally or only in a nonconstant, partial volume of material. We show that using 10 smooth tool surfaces makes it possible to obtain a prolonged elongational flow over a large range of aspect 11 ratios in the whole volume of material. The normal force measured for various soft-jammed systems with 12 different microstructures shows that the ratio of the elongation yield stress to the shear yield stress is larger 13 (by a factor of around 1.5) than expected from the standard theory which assumes that the stress tensor is a 14 function of the second invariant of the strain rate tensor. This suggests that the constitutive tensor of the 15 materials cannot be determined solely from macroscopic shear measurements. DOI: 16 17 The concept of jamming to characterize materials has 18 flourished and appeared quite useful. Soft-jammed sys- 19 tems, such as foams, emulsions, concentrated suspensions, 20 and colloids, have a structure in which the elements are 21 trapped in potential wells due to their interactions (varying 22 with the distance) with their neighbors and cannot move out 23 due to thermal agitation alone [1] . It is necessary to apply a 24 stress larger than a critical value, i.e., the yield stress (τ c ), to 25 break the structure and induce a flow of the system, 26 otherwise, they behave as solids [1, 2] . 27 This concept and its experimental validation, never- To damp this effect, we can start from a much smaller 122 separating distance than the cylinder radius, i.e., 123 h 0 =R 0 ≪ 1, since then the relative stress difference in 124 different sample layers will be smaller. However, in that 125 case, the radial fluid velocity towards the center V is much 126 larger than U, since due to sample volume conservation Let us now look at the variations of the force FðhÞ 161 needed to impose this flow (see Fig. 1 ). First, it increases 162 from a low value, as the material is essentially deformed in 163 its solid regime, then it starts to decrease, first rapidly, then 164 more slowly and finally follows a decrease as 1=h over a 165 significant range of h, i.e., 1.5-7 mm. For the analysis 166 below, we will not consider the ultimate flow stage at larger 167 h, where the force drops to zero (see Ref.
[10]). 168 Interestingly, the force decrease does not depend on h 0 169 (see Fig. 1 ). This differs from flows with rough surfaces for 170 which there is an increasing volume of arrested material, 171 leading to different force curves for different initial dis-172 tances (see Fig. 1 ). This suggests that the material defor-173 mation follows the same path in any case (starting from PHYSICAL REVIEW LETTERS VOL..XX, 000000 (XXXX) 2 174 different points) and confirms that all the sample volume is 175 involved in the same flow type at any time. 176 We can also remark that F is initially smaller when U is 177 decreased and reaches the region F ∝ 1=h sooner where all 178 curves tend to superimpose (see Fig. 3 ). Thus, we can define 179 a factor α such that all force curves are situated above α=h 180 and, for a given h, tend to this value when U → 0. We also 181 performed tests by decreasing U when h decreases (i.e.,
182
U ∝ h), which allows us to reach this asymptotic curve for 183 even lower h (see Fig. 3 ). This has the advantage of 184 corresponding to a constant strain rate _ ε ¼ U=h, which 185 means that we impose a constant dynamics of elongation to 186 the material. In that case, we also observe (see Fig. 3 ) that 187 the asymptotic curve is reached more rapidly for lower _ ε. We 188 conclude that the minimum force curve that may be reached shown in blue on the right, and the mean sample radius is Fig. 3 ). This suggests that wall 258 slip in an elongational process has a different nature than in 259 simple shear. 260 Let us come back to the 1=h regime for the bulk flow. We 261 can now compute a normal stress σ ¼ F=πR 2 , which, due 262 to mass conservation, may also be expressed as Fh=Ω. Our 263 results show that at sufficiently low _ ε, σ is a constant equal 264 to σ ¼ α=Ω. Further tests (see Fig. 4 ) show that α is 265 proportional to Ω, which means that σ is independent of Ω. 266 Finally, these tests allow us to measure a quantity, i.e., the 267 normal stress σ, which is independent of the current aspect 268 ratio and the size of the material, as long as the sample 269 remains cylindrical. This is the normal stress difference 270 associated with a simple uniaxial elongation flow at 271 sufficiently low _ ε (see Ref.
[10]), which here appears to
